We investigate charged tracks signals of a supersymmetric scenario, where the lighter stop is the next-to-lightest supersymmetric particle (NLSP). It is found that such an NLSP is stable on the scale of the detector at the LHC if one has a rightchiral sneutrino as the lightest supersymmetric particle (LSP). After identifying some benchmark points in the parameter space of a supergravity scenario with non-universal scalar masses, we study a few specific classes of signals, namely, stop pair production and gluino pair production followed by each decaying into a stop and a top. It is shown that proper kinematic cuts remove the backgrounds in each case, and, an integrated luminosity of even 1 f b −1 is likely to yield copious events of the first kind, while a larger lumionsity may be required for the other type. One can also aspire to reconstruct the gluino mass, using the 'visible' stable NLSP tracks.
Introduction
Among the various new physics possibilities at the TeV scale, supersymmetry (SUSY) [1] occupies a slightly preferred position. From a bottom-up point of view, one reason behind this is the dual role of SUSY in stabilizing the electroweak (EW) scale and, in its minimal version, in offering a cold dark matter candidate in the form of the lightest supersymmetric particle (LSP). From the top-down standpoint, too, SUSY broken at the TeV scale fits in rather well in scenarios such as supergravity (SUGRA), which, presumably, have a close connection to physics at the Planck scale. Therefore, despite some persistent concerns such as the possible enhancement of flavour-changing neutral currents (FCNC), one feels the urge to fit in any proposed SUSY scenario into a scheme where the SUSY breaking parameters evolve down from values inherited at a high scale. Although the simplest model to achieve this is the minimal SUGRA (mSUGRA) picture, scenarios with non-universal masses at high scales are also often viable.
Indeed, one has to go beyond the minimal version (of the standard model as well as its SUSY extension) if one has to explain the accumulating evidence in favour of neutrino masses and mixing [2] . The simplest way to do this is to postulate a right-handed neutrino in each generation. In a SUSY version, this entails right-chiral sneutrinos [3] . While the minimal SUSY standard model (MSSM) favours the lightest neutralino as the LSP, right-sneutrino LSP's are equally viable if the particle content is extended in the manner suggested above. This is particularly true if the neutrinos have only Dirac masses [4] , for the existence of ∆L = 2 terms in the Lagrangian nominally leading to large (keeping in view the seesaw mechanism) Majorana masses would simultaneously elevate the right-sneutrino masses to high values 1 . A right sneutrino LSP evades the limits from direct dark matter search due to its near-sterile character. Its viability as cold dark matter candidate [4] has also been demonstrated, although there are debates about the possible non-thermal nature [5] of such dark matter.
If neutrinos have only Dirac masses, then the interactions of an LSP dominated by right sneutrinos would be proportional to the neutrino Yukawa couplings y ν , which are of order 10 −12 or less. This is because (a) if it is a scalar trilinear interaction, then it is proportional to y ν , and (b) if it is gauge interaction, then it is proportional to the overlap of the LSP with left sneutrino, which, by virtue of the left-right mixing terms in sfermion mass 1 A possible exception to this rule may be provided by situations wherein the right-handed neutrino mass matrix has a vanishing determinant, occasioned, for example, by texture zeroes. While such scenarios may arise naturally in models with an extended symmetry texture and may lead to very interesting phenomenology, we refrain from discussing those here.
matrices, is again proportional to the neutrino mass. Thus, the decay of the next-to-lightest supersymmetric particle (NLSP) to the LSP takes place over lengths much larger than the scale of collider detectors, and SUSY signals are drastically different from those of MSSM where missing transverse momentum is the key distinguishing feature [6] . Two of us have shown, in an earlier work, how, in such cases, a stau-NLSP can provide signals that can be distinguished from the standard model (SM) background [7] . In this work, we discuss the signals characteristic of a quasi-stable stop NLSP.
Needless to say, right sneutrinos make a big difference to the signal if the NLSP is a charged particle, which would leave tracks in the inner tracker as well as the muon chamber.
Apart from the stau (or, in special cases, sleptons of the first two families), a possible NLSP is either a chargino or a lighter squark of the third family. Theoretically though, it is difficult to render a chargino the lightest of the SM's supersymmetric partners; in other words, the coexistence of a chargino NLSP with a right-sneutrino LSP is very difficult to accommodate.
even if we assume non-universal gaugino mass. A stop NLSP with a right-sneutrino LSP, on the other hand, can lead to very interesting signals at the Large Hadron Collider (LHC).
Cases where such a stop decays within the detector have been studied in an earlier work [8, 9] .
We think that it is equally interesting to consider the situation where the stop NLSP decays into the right-sneutrino LSP through the sneutrino Yukawa coupling and, thus, escapes the muon chamber after leaving a track there. We show that, just like the case with a stau NLSP, kinematical separation of such signals from the SM backgrounds [10] is clearly possible, making such SUSY scenarios eminently distinct. Moreover, it is also possible to distinguish a stop-NLSP scenario from one with a stau NLSP, simply from a comparison of stop-pair production and stau-pair production (in the alternate scenario). Furthermore, the study of stops as intermediates in gluino cascade decays provides additional discriminants.
Unlike the case of a stau NLSP, a stop NLSP is difficult to obtain in a SUGRA setting with universal scalar masses at the high scale. On the other hand, such a spectrum can arise naturally when the scalar masses display some non-universality at high scales; in fact, even when only the third family displays this behaviour. As non-universality in the third family sector is relatively easy to accommodate vis a vis flavour data, we adopt such a scenario to illustrate the viability of such a situation.
It should be emphasized that, though we are illustrating the particle spectrum under scrutiny in the context of a non-universal SUGRA, our real stress is on the novel phenomenology which completely changes SUSY search strategies. We all know that the most simple-minded SUGRA picture (as well as many of its variants) is beset with a number of puzzles, including issues related to FCNC. Of course, a generalization of SUGRA can avoid most of such problems [11] . In general, however, one is not sure that during SUSY searches at colliders one should adhere too much to specific scenarios based on high-scale assumptions. Our ignorance of, say, possible phenomena at intermediate scales further accentuates the need of skepticism. In view of this, one feels that a consistent SUSY scenario that leads to novel, unconventional experimental consequences is worthy of investigation, irrespective of its high scale connection. Something that can be tested at the early stage of the LHC is especially interesting in this regard.
In the next section, we locate a few points in the parameter space where a stop NLSP can coexist with a right-sneutrino LSP, on introduction of non-universal scalar masses. The characteristic signals at the LHC discussed here are (1a) pp −→ 2 stop-tracks, (1b) pp −→ a single stop-track accompanied by missing transverse energy and (2) pp −→ 1 or 2 stop-tracks, accompanied by multi-jets, missing transverse energy and possibly some leptons. We show that not only are these signals separable from SM backgrounds but are also distinct from the signals of a stau (or slepton) LSP. The discussions related to these signals, together with the possibility of reconstructing gluino masses in this scenario, are the contents of section 3.
There we also comment on the special consequences of the quasi-stable NLSP being colored (and capable of hadronizing). We summarise and conclude in section 4.
2 Right sneutrino LSP with a stop NLSP
The scenario and some benchmark points
With R-parity unbroken, the MSSM superpotential can be written as [4] 
where H d and H u respectively are the Higgs doublets that give mass to the down-type and up-type quarks. In the presence of the additional neutrino superfields N, the superpotential can be extended by the term
where y ν is given by m ν = y ν H u = y ν v sin β with v (≈ 246 GeV) being the electroweak symmetry breaking scale and tan β = H u / H d . With the neutrino masses being atmost a where the diagonal elements are given by
whereas the off-diagonal terms arẽ
In a universal SUGRA scenario, all the low energy masses and couplings can be expressed in terms of five free parameters defined at the GUT scale, viz. the universal scalar mass m 0 , the universal gaugino mass m 1/2 , the universal trilinear soft SUSY-breaking parameter A right sneutrino LSP can be achieved in a part of the parameter space mostly favouring m 0 < m 1/2 . With the one loop level RGE for mν R given by
the smallness of the Yukawa interaction (y ν ≤ 10 −12 ), occasioned by our assumption of a conserved lepton number, serves to freeze the right-sneutrino mass at the high-scale value itself. The lighter sneutrino mass eigenstate is given bỹ
where the left-right mixing between the sneutrinos is given by
Obviously, the stateν 1 can become the LSP for a sufficiently small value of m 0 , and all the other particles in the spectrum couple to it with a strength proportional to y ν . This is so on account of theν R being a gauge singlet with the consequence that its only interaction is via the Yukawa coupling. In other words, any gauge coupling toν 1 depends on the left-chiral component in it, which in turn again depends on y ν (excepting for the pathological case where the two mass eigenstates are degenerate to the level of 1 in 10NLSP, irrespective of its identity, will decay into theν 1 in an excruciatingly slow manner, making the former appear stable in accelerator experiments.
Since our interest here is in a stop NLSP, we next identify points in the SUGRA parameter space where this is possible. In this, the corresponding parameters should be allowed by the generic limits from the direct search experiments (such as the Large Electron Positron (LEP)
as well as the Fermilab Tevatron collider), and in particular should conform to the specific bound on the mass of a quasi-stable stop. Furthermore, they should also be consistent with other low-energy constraints such as FCNC and with radiative breaking of the electroweak symmetry to yield an acceptable vacuum.
The Tevatron Run IIb data for stop search, with 1f b −1 integrated luminosity, suggests that the lighter stop is constrained by mt 1 > 220 GeV [12] . In addition, in a recent simulation for stable stop search at the Tevatron, as part of the Charged Matter Stable Particles (CHAMP) analysis, it has been claimed that the lighter stop should be above 250 GeV at 95% confidence level [13] . For our simulations, we have adopted a lower limit of 240 GeV for a quasi-stable stop.
To see if such a scenario can be realized within a universal SUGRA setting, we performed a detailed study of the parameter space using ISAJET 7.75 [14] . The simultaneous requirements of a stop NLSP and a right sneutrino LSP yield only negative results. This is because, in order to get a stop NLSP, one requires a large left-right mixing which is driven by A t and cot β. This is essentially to counter the large gluino contribution (in the RGE) from the top-gluino loop which is proportional to the gluino mass. The latter has to be large enough so that the mass of the lightest neutralino 2 exceeds that of the lighter stopt 1 . However, a large value of A t to generate an effect of the above kind requires A 0 to be such as to render some slepton (stau) tachyonic, or at any rate relegate it to the level of the LSP. Based on these considerations, a stop NLSP is found very difficult to achieve in a universal SUGRA scenario.
The spectrum of the type looked for, on the other hand, can still be motivated in the SUGRA setting if some non-universality of scalar masses at high scale is allowed. The type of non-universality sought in our context is one where the third family sfermion masses are different. Representative scenarios which can motivate such spectra are those with additional U(1) symmetries (possibly anomalous) with flavour-dependent D-terms [15] , leading to arbitrary high-scale soft masses for the stop, sbottom, stau and tau-sneutrino states. However, rather than restricting ourselves to a particular model, we perform a phenomenological 2 Note that this constraint would be relaxed if one were to admit nonuniversal gaugino masses at the high scale, thereby enlarging the parameter scale manifolds. analysis, and scan the parameter space without any bias, to see if a stop NLSP can coexist with a (tau) sneutrino LSP. Table 1 contains four benchmark points answering to such a description, on which our collider predictions are based. The scan over the parameter space, using ISAJET 7.75, also takes into account constraints such as those from LEP, b −→ sγ as well as the prospect of charge-and colour-breaking vacuum and a vacuum unbounded from below. The magnitude of the Higgsino mass parameter µ has been fixed from electroweak symmetry breaking conditions, and the sign of µ (to which our results are not sensitive) has been taken as positive. The value of the right-sneutrino mass does not affect the collider phenomenology in any way unless it is heavier than the stop NLSP. We have thus kept it as a free parameter, which can assume any value compatible with dark matter requirements.
It should be mentioned here that a stop NLSP can also be achieved with universal squark and slepton masses but different high-scale A-parameters for the squark and slepton sectors.
With A l ≪ A q , dangers such as tachyonic state modes can then be averted. Also, even though we have ensured that processes such as, b −→ sγ are within control with our parameter choice, a satisfactory suppression of FCNC (including contributions to B 0 −B 0 mixing) over a range of parameters will require some model-dependent alignment mechanism for the quark and squark mass matrices. Such a mechanism can keep the "super-CKM" angles suitably small.
The proliferation of parameters in this scenario, which is not surprising in a phenomenological study, makes it less illuminating than in a universal SUGRA to seek a pattern in the underlying high-scale physics. Nonetheless, we notice the following general features in the choices that give rise to the spectrum under study:
• A large |A 0 | is required to generate a large left-right mixing in the stop sector, so that a sufficiently large m 1/2 (required to push up the lightest neutralino mass) can still be compatible with a stop NLSP.
• For a fixed (high scale) mt R , the allowed parameter space becomes narrower as we increase tan β. To push up the down-sector sfermion-masses above the NLSP mass,
we require large values of m 0 , while the need to place neutralinos above the NLSP implies a large m 1/2 . A tan β in the range 5 − 35 seems to be relatively more favorable for this purpose.
Stop Life-time and stop-hadrons
The major decay modes available to thet 1 NLSP aret the decay rates on the neutrino Yukawa couplings has already been discussed. In Fig. 2 , we present the decay lifetime for a wide range of LSP (NLSP) masses for a fixed NLSP (LSP) mass. The lifetime rises with an increase in LSP mass whereas it understandably decreases when the NLSP mass increases. The order of magnitude of thet 1 lifetime shows rather unambiguously that, over a wide choice ofν 1 masses, the stop NLSP will decay way outside the detector. A similar pattern in the lifetime plots of a stop NLSP with a gravitino LSP has been reported earlier [9] . It is also to be noted that though the NLSP is long-lived, its lifetime is always smaller than the age of the universe, with, the present study is safe from the viewpoint of charged dark matter. And, as long as the lifetime is not too large ( < ∼ 10 8 s), one is safe from other cosmological bounds such as those from big bang nucleosynthesis [16] . Even the minimal of lifetimes as in Fig.2 imply that the stop hadronizes before decaying.
While the exact nature of fragmentation characteristics would need to be worked out in detail, it is a very good approximation to consider that half of the stops thus produced would result in singly-charged stop-hadrons (sayt 1d ) while the other half would result in neutrals (t 1ū ) 3 . Although other hadrons, including doubly-charged ones (such ast 1 uu) or excited states such ast 1d g are possible as well, fragmentation into them is suppressed and deviations from the two-way splitting (with a 1:1 ratio) is expected to be modified only to a very small extent. Furthermore, the very small mass difference between such hadrons implies that each of them would be quasi-stable on the scale of the detector.
It has been argued [18] though that the heavier of these quasi-stable hadrons may decay strongly into the lighter ones (and, in principle, cascade down) as long as they are kinematically allowed to do so. Of more significance is the possibility that the stop-hadrons may deposit some energy in the calorimeters through either quasi-elastic or inelastic collisions [15] . Various claims [18, 19] and counterclaims have been made in the literature in this regard. In addition to the possibility of energy deposits by the stop track in the hadron calorimeter, it is also possible that the interaction with the calorimeter material will convert charged stop-hadrons into neutral ones or vice versa [20] . In this process, one may observe a charged track in the inner tracking chamber, but no track in the muon detector. Alternatively, a neutral quasi-stable hadron with no record in the inner tracker may get converted into a charged one and display a track in the muon chamber, thus yielding signals of a very novel type. A quantitative prediction of signals based on the above observations will require (a) an elaborate detector simulation, buttressed with data from initial run of the LHC, and (b) a reliable model of hadronization of (quasi-)stable supersymmetric particles. What we may conclude with a reasonable degree of confidence is that the stop-hadron would deposit a small amount of its energy in the hadronic calorimeter (differing from a quasi-stable stau in this regard).
Furthermore, the fraction deposited is generally small enough to allow it to pierce through the muon chamber. Thus, inspite of some quantitative uncertainties on this issue, one can still predict a definite excess of signal over background, based on rather simple assumptions.
And, given the lack of a unambigious estimation of the conversion between stop-hadrons in matter, we deliberately choose to discount the novel signatures arising therefrom, limiting ourselves to the more conservative signals constructed solely with quasi-stable stop-hadrons that leave no trace when they are neutral and only a track when charged.
Signatures of Stop NLSP at the LHC
In the previous section, we observed that the stop NLSP will typically decay outside the detector. Thus, its collider signatures will be in the form of charged tracks that show up in both the inner tracker and the muon chamber. In general, the high velocities (note that stop production has a very large P -wave contribution) of these stable stops will make their identification from time delays rather difficult. Although one can think in terms of the thickness of the tracks and the small amount of energy deposit in the hadron calorimeter, it is desirable to identify, instead, kinematic characteristics that distinguish them. This is of paramount importance since the most distinctive feature of SUSY in the minimal form, namely E T / , may be absent in a large fraction of the events in this scenario; yet the signals thereof may be striking for it is the tracks in the muon chambers that carry its imprints and truly characterize the scenario.
The most copious signal is the pair production of stable stops. This yields a very large number of events of the type of Drell-Yan muon pair production. However, as already mentioned, a stable stop will hadronize; we tentatively assume that its probability of forming a charged or neutral hadron is 50% each (see Sec.2.2). Accordingly, one has events with either one or two charged tracks events and these are discussed in Sec.3.1.
With the stop being considerably lighter than any of the other strongly interacting sparticles, a gluino decays substantially into a top and a stop. This leads to additional signals consisting of stable stop tracks and a pair of top quarks produced in association (see Table. 2).
Such signals have the advantage of distinguishing stop tracks from those of stable staus. They can also, in principle, enable one to reconstruct the gluino mass. We discuss these signals in sections 3.2 and 3.3 respectively.
Signal
Source Nomenclature 2 charged − tracks distop-pair production 1a 1 charged − track + E T / distop-pair production 1b 2 charged − tracks + 2 leptons + 2 jets + E T / gluino-pair production 2a
2 charged − tracks + 1 leptons + 4 jets + E T / gluino-pair production 2b
2 charged − tracks + 0 leptons + 6 jets + E T / gluino-pair production 2c
1 charged − track + 2 leptons + 2 jets + E T / gluino-pair production 3a
1 charged − track + 1 lepton + 4 jets + E T / gluino-pair production 3b
1 charged − track + 0 leptons + 6 jets + E T / gluino-pair production 3c 
Double and single-stop tracks
The main partonic processes responsible for this final state are gg →t 1t * 1 and→t 1t * 1 . We use a CalcHEP-PYTHIA [21, 22] interface for our analysis, with CTEQ6L parton densities [23] . For the renormalization scale µ R and factorization scale µ F , we use
throughout the analysis. To obtain the next-to-leading order (NLO) results, we multiply with the appropriate K-factor for thet 1 pair production as computed in Refs. [24, 25] . The results presented correspond to an integrated luminosity of 1f b −1 at the LHC.
In order to get two charged tracks, each produced stop must hadronize to a charged hadron, thus reducing the rate by a factor of 4. For the two-track events, we use the following basic cuts at the outset:
• Eacht 1 track should carry p T > 25 GeV.
• Botht 1 's should satisfy |η| ≤ 2.7 to ensure that they lie within the coverage of the muon detector.
• ∆Rt 1t1 ≥ 0.2 to ensure that thet 1 's are well resolved in space.
The most important background [10] to this signal comes from muon pairs produced in the Drell-Yan channel. The other source for the background is W W pair production. We have also considered processes like W Z and ZZ, giving rise to two detectable tracks in the muon chamber. There are still other sources such as triple gauge boson production, but the d /dp σ requirement of the invariant mass being sufficently above m Z will, in general, asphyxiate such events.
Assuming that the stop tracks are likely to be buried within the copious backgrounds, we look for kinematic characteristics that can cause our predicted signal to stand out. With this in view, we show, in Figure 3 , the p T distributions of the signal and the background.
Also shown are the invariant mass distributions of the pair of tracks, where the particles have been assumed to be massless (so as to maximize the probability of faking by Drell-Yan final states). Two out of the four benchmark points have been chosen in each case, from which the general features are obvious.
It is clear from Figure 3 that most of the background muons are concentrated in the region of relatively low p T . Therefore, an additional p T cut of 200 GeV has been imposed, which suppresses the background significantly. In addition, a further cut on invariant mass on the pair of charged tracks, namely, mt 1t1 > 1100 GeV completely removes the dimuon background. Note that the stop mass is unknown here, and the invariant mass is calculated from the track momentum, assuming that it is a massless particle. As the results demonstrate, this provides an effective event selection criteria for the signal. Thus a clean signature of the quasi-stable stop pair is obtained with an integrated luminosity L dt = 1 fb −1 at the LHC 4 , as can be seen from Table 3 . As the same table shows, it is more efficient to use the combination of the (p T + mt 1t1 ) cuts than just a higher p T cut of 520 GeV, which is the softest one with which the background is completely gone.
The single-track events, on the contrary, are associated with missing E T assuming that the energy deposited by such superheavy neutral hadrons in the hadron calorimeter is negligible 5 .
The p T distribution of the track is the same as in Figure 3 . Interestingly, a very similar distribution is expected for E T / in this case (Figure 4 ), allowing deviations due to p T -measurement only.
Elimination of SM backgrounds (mostly from single W -production) can be done by a procedure similar to the previous case. In this case, one can apply a E T / cut. The results are shown in Table 3 . One can see that there are more signal events with zero background now.
The reasons are (a) factor 2 enhancement for the one charged track and one neutral track, (b) the absence of any isolation requirements and (c) the E T / cut replacing the invariant mass cut for two charged tracks.
One may, however, like to ensure that these tracks are traced out by a coloured particle such as a stop and not, for example, a pair of stable staus. With this in view, we have also considered the production of stop tracks in cascades originating in gluino pair production at the LHC, whose very nature distinguish the tracks as those of squarks and not sleptons. 
Charged tracks from gluino production
In order to establish that these tracks are really due to stops (and not stau's), we have studied signals 2 (with single charged track) and 3 (with two charged tracks) listed in Table   2 . Such signals can arise from gluino (g) pair-production, where both of the gluinos decay It should be remembered, however, that the gluino-induced signals are not as abundant as in the previous case. The main reason for this is that we have assumed gaugino universality in our study. With such an assumption, when the lightest neutralino is required to be heavier than the lighter stop (whose mass in turn has to be at least about 250 GeV from the CDF limits), the corresponding gluino mass is rather high leading to detectable but relatively small cross-sections 6 . The rates are further suppressed by branching ratios for specific decays (with one or two leptons in final state) and the acceptance cuts. Thus, in spite of the rather 6 As mentioned earlier, non-universal gaugino masses could improve the situation dramatically The results of our analysis are presented in Tables 4 and 5 . The major sources for the backgrounds are tri-gauge bosons productions and ttl + l ′− (in case of two charged tracks), ttlν (in case of one charged track).
We work with the same basic cuts for these signals as mentioned in the previous subsection. In order that we are not inhibited by efficiency factors, we give up b-tagging, which is not a serious disadvantage, in view of the multiplicity of leptons (or muon-like tracks) in the final state. In addition, we impose the following cuts:
• Each jet should have p T j > 50 GeV and |η j | ≤ 2.7.
• ∆Rt 1 j ≥ 0.4,
• Events must have missing energy E T > 30 GeV. and 2c respectively. The corresponding requirement in case of each of signals 3a-c is a missing energy cut of E T / > 600 GeV. The efficiency of these cuts for all the four benchmark points is demonstrated in Table 4 for signals 2a-c and in Table 5 
Gluino Mass reconstruction
Since the quasi-stable stop is visible in this scenario, a variant of the signal discussed in the previous subsection can be used for the direct reconstruction of the gluino mass. Note that this is very difficult to achieve in the minimal SUGRA scenarios on account of the fact that each supersymetric production event results in a pair of (invisible) LSPs being produced.
The dominant decay mode involves both tops going hadronically resulting in as many as six jets along with stop-track(s) and/or missing transverse energy. Although it is possible, in principle, to use such a final state for this purpose, it is normally beset with problems and the attendant loss in accuracy. In our study, therefore, we shall omit this channel altogether and concentrate on subdominant modes even at the cost of signal strength. In other words, we only consider the case where, of the two top quarks produced from a gluino pair, one decays hadronically and the other leptonically.
Two stop-tracks
If both stops hadronize into charged tracks, the signal becomes pp −→ 2 stop-tracks + 1 lepton + 2 b + 2 jets + E T / .
The successful removal of backgrounds due to ttlν l , and also the suppression of a rather sizable combinatorial background, prompts us to advocate b-tagging in this case.
To be able to reconstruct the gluino mass, we need to assume that the entire missing transverse energy in such events accrues from a single invisible particle in the final state, namely, the neutrino. Using energy and momentum balance in the transverse plane, and the fact that the neutrino arises from a W (of known mass), one can then reconstruct the longitudinal component of the neutrino momentum (and, thus, of the W ) upto a twofold ambiguity. The second W is completely reconstructed through hadronic decays. This, then, allows us to reconstruct both the tops without any ambiguity (on insisting that the two tops thus reconstructed should have the same mass upto measurement and resolution uncertainties).
Next, we face a further combinatorial ambiguity, namely that arising from the correct identification of the top-stop pairings. Note, though, that the charge of each stop track is measurable and that at (t * ) would, in general, be associated with a positively (negatively) charged track. Thus, if the lepton were positively (negatively) charged, the corresponding top (anti-top) should be paired with negatively (positively) charged track. However, since the gluino is a Majorana fermion, both stop tracks can be of the same charge in 50% cases.
This uncertainty as well as a two-fold ambiguity due to the neutrino can be removed by demanding that the two gluino masses, thus reconstructed, should not differ by more than 50 GeV. In this manner, one can throw out the wrong combinations and reconstruct the gluino peak.
We may now use the same basic cuts as those suggested in the previous subsection. To make the reconstruction as clean as possible, we require Σp T > 1200 GeV. Table 5 shows that the backgrounds can still be eliminated by this method, although the number of events is less than in the previous case, due to b-tagging (with an assumed efficiency of 60% [26] ).
The results of this procedure for two of our four benchmark points are presented in Figure   8 , which show that the gluino mass can be reconstructed with about 10% uncertainty. The event rates corresponding to the two remaining benchmark points are even lower (as seen for from Table 4 . On the whole, though the method described above works in principle (and barring the 6-jet final state, is perhaps the best option) for the said channel, it suffers from the problem of poor statistics. To enhance the number of events, we now explore the other channel, namely, where one of the two stops from gluino decay is invisible, and investigate its usefulness in gluino mass reconstruction.
One stop-track
With one stop going to a charged supersymmetric-hadron and the other into a similar neutral hadron, the number of events in this channel would be at least twice as many as in Sec.3.2.
The signal now is
where the missing transverse energy now has two irreducible sources, namely the neutral s-hadron and the neutrino from the top-decay. Once again, b-tagging is needed.
The reconstruction of the hadronically decaying top proceeds as in the previous subsection. For obvious reasons, the reconstruction of the leptonically decaying W , and hence the parent (second) top, cannot be done now. The key step, then, is to decide whether the reconstructed top came from the same gluino as the visible stop track. In the absence of such a decision algorithm, the naive procedure would be to forcibly associate the two and consider the resultant invariant mass. The 'correct' cases (where the b + 2 jets system yields the top mass), then, would be expected to lead to a concentration of events near the true mass (modulo resolution effects) while the wrong identifications would lead to a scattered distribution. The resultant is displayed in Fig.9 . Were gluinos not Majorana particles [27] , the situation could have been easily improved by the charge identification method suggested above. Note that the sign of the charge of the visible stop-track is easily measurable and corresponds almost uniquely to the charge of the stop. Similarly, the sign of the lepton uniquely determines the sign of the top decaying leptonically. Thus, for the stop-track to have arisen from the same parent Dirac-gluino as the reconstructed top, the sign of its charge would have to be the same as that of the lepton.
Unfortunately, though, the Majorana nature of the gluino precludes such an association, and the opposite charge combination (for stop and lepton) is as likely to occur as the same-sign one.
We may now attempt to combine the significance of both methods to get the final resolution on the gluino mass. It should be noted that the stop track has been assigned zero mass in the reconstruction algorithm, in spite of which the peaks are recovered quite accurately, modulo the statistics in each case.
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We Thus signals 1a and 1b are predicted at the discovery level for the 10 TeV run, if Ldt = 100 pb −1 is attained.
Moreover, the stop track can be distinguished from a slepton or stau track (or that of a long-lived squark of the first two families) through gluino decay into a top and a stop, and stable tracks produced in association with a pair of top quarks. However, for the region of parameter space that is phenomenologically consistent, the event rate is smaller than that in the previous case, and one may require an integrated luminosity of 300 f b −1 . It is also possible to use the long-lived stops to reconstruct the gluino mass, so long as it is within about 1.5 TeV.
It should also be borne in mind that the rather poor statistics expected in the channel used for gluino reconstruction is due to the fact that we are adhering to a scenario with gaugino mass unification. The unification conditions requires the gluino to be rather heavy, and therefore the production rates correspondingly suppressed, since the lightest neutralino (to whose mass the gluino is related by the unification condition) is to be higher than the lighter stop. However, such a restriction does not apply to a situation where gaugino universality is either absent, or the Grand Unification group is broken by some non-trivial representation [28] . A relatively lighter gluino in any of these 'non-universal' cases is bound to push up the event rates for gluino pair production considerably, and one has much better hopes of their reconstruction if a sneutrino LSP scenario prevails. In fact, this is one reason why we have discussed our suggested reconstruction techniques so elaborately.
Further studies related to spin measurement of such a stop NLSP can be worthwhile, thus providing clues on whether the tracks can be faked by some long-lived fermion. However, such a study is beyond the scope of the present work.
